WHAT IS CLAIMED IS: 



lining formation in situ, comprising: 
providing heat from one or more heat sources to at least one portion/bf the 
formation; 

allowing the heat to transfer from the one or more heat sourc^ to a selected 
section of the formation; 

controlling the heat from the one or more heat sources sdch that an average 
temperature within at least a majority of the selected sectioj/ ;>f the formation is less than 
about 375 °C; anc 

producing a mfttture from the formation. 




2. The mefhod of claim iv^vhet&tif the one or/more heat sources comprise at least two 
heat sources, and wherein superposition of Meat from at least the two heat sources 
pyrolyzes a\least some hydrocarbons wimin the selected section of the formation. 

3. The method of claim 1, whereirfcontrolling formation conditions comprises 
maintaining a temperature withi^ the selected section within a pyrolysis temperature 
range. 

4. The method of claim/, wherein the one or more heat sources comprise electrical 
heaters. 

5. The method o/claim 1, wherein the one or more heat sources comprise surface 
burners. 

6. The raf^thod of claim 1, wherein the one or more heat sources comprise flameless 
distrihmed combustors. 

Themethoxtofetai^ the one or more heat sources comprise natural 

distributed combustors. 



275 



Conley. Rose & Tayon, P.C. 



^The method of claim 1. further comprising controlling a pressure and a temperature 
within at least a majority of the selected section of the formation, wherein tfieTp>essure is 
controlled as a function of temperature, or the temperature is controlled asXrimaicm of 
pressure. 



9. The metbctfl of claim X further comprising controlling a pressure within at least a 
majority </£ the selected section of the formation with a v^ve coupled to at least one of 
the one dv more heat sourae$ 



10. The method of claim 1, 
majorityW the selected section of the 
well located in the formation. 



urtn^r comprising cafitrtffling a pressure within at least a 
atiizm with a valve coupled to a production 



11. The method oFclaim 1, further comprising controlling the heat such that an average 
heating rate of the selected section/is less than about 1 °C per day during pyrolysis. 



12. The method of claim 1, Wnerein providing heat from the one or more heat sources to 
at least the portion of formation comprises: 

heating a selected volume (V) of the hydrocarbon containing formation from the 
one or more heat sources, wherein the formation has an average heat capacity(CV). and 
wherein the heatmg pyrolyzes at least some hydrocarbons within the selected volume of 
the formation^ and 

wherein heating energy/day provided to the volume is equal to or less than P\vi\ 
whereij/ Pwr is calculated by the equation: 
Pwr = h*V*C v *p B 

wherein Pwr is the heati ng energy/day, h is an ave 
'fonjaatkr^^ bulk density, and wherein the heating rate is less than about 10 

°C/dav. 
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heat sources to the selected section comprises transferring heat substantially \ 
conduction. 



14. The method of claim 1 , wherein providing heat from the one qprnore heat sources 
comprises heating the selected section such that a thermal conductivity of at least a 
portion of the selected section is greater than about 0.5 W/^n °C). 
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15. The method of Aaim 1. wherein thepfoduced mitffure comprises condensable 
10 hydrocadSons havingtan API gravity/n at least about 25°. 



method of clqim 1, wherein the produced mixture comprises condensable 
terein about 0. 1 % by weight to about 1 5 % by weight of the 
[rbons are olefins. 



15 




17. The method of claim 1, wherein the produced mixture comprises non-condensable 
hydrocarbons, and wherein a mortar ratio of ethene to ethane in the non-condensable 
hydrocarbons ranges from ab^ut 0.001 to about 0.15. 

20 18. The method of claim /. wherein the produced mixture comprises non-condensable 
hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight of the non- 
condensable hydrocarbons are olefins. 



19. The method m claim L wherein the produced mixture comprises condensable 

25 hydrocarbons/and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of th/condensable hydrocarbons is nitrogen. 

20. The method of claim 1. wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less th an about 1 % by weight, when calculated -eft an atomic 
b^sis.jiiuhe-cOTTaensable hydrocarbons is oxygen. 
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2Ljni£jxt&&tHl uf claim 1. therein the pioduced mixtwe-eowdsss condensable 
hydrocarbons, wherein about 5 % by weight to about 30 % by weight opfhe condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. 

22. The methedDf claim L wherein the produced mixtuj^ comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of /he condensable hydrocarbons is sulfur. 
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10 23. The/ method of cflahn 1. wherein th^praefuced mixture comprises condensable 
hydrocarbons, and wherein greater than^oout 20 % by weight of the condensable 
hydrocarbons are aromatic compounc 

24. The m\thod of cj&im 1, wherein the produced mixture comprises condensable 
15 hydrocarbonsrantf wherein loss than about 5 % by weight of the condensable 

hydrocarbons comprises multi-ring aromatics with more than two rings. 

25. The method of claim 1, wherein the produced mixture comprises condensable 
hydrocarbons, and/wherein less than about 0.3 % by weight of the condensable 

20 hydrocarbons are asphaltenes. 



25 



26. The mefliod of claim 1. wherein the produced mixture comprises condensable 
hydrocaToons. and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 

2#. The method of claim 1, wherein the produced mixture comprises a non-condensable 
/component, wherein the non-condensable component comprises hvdroge»rart3^vherein 
the hydrogen is greater thanjihaut4-0-% by volume of the non-condensable component 

fuTthe hydrogen is less than about 80 % by volume of the non-condensable 
component. 
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2j L The mf th nH nf nlnim 1 , uhnrnin th r prHnrerl mj >rtiirp comprise s ammonia, and 
wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 

29. The method of claim 1, wherein the produced mixture comprises ^prfinonia, and 
wherein the ammonia is used to produce fertilizer. 

30. The metfcod of claini l,\further comprising controllingXP ressure within at least a 
majority o/the selected s^tion of the foiroation^herpin the controlled pressure is at 
least about 2.0 bar absolut<;> 



3 1 . The method of claim 1 
the produced mixture co 
about 0.5 ban 



further comprising controlling formation conditions such that 
Drises a partial Efressure of H2 within the mixture greater than 
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32. The method of claim 31, wherein the partial pressure of H2 is measured when the 
mixture is at a production weU 

33. The method of claim/1 , wherein controlling formation conditions comprises 
recirculating a portior/of hydrogen from the mixture into the formation. 

34. The method pi claim 1, further comprising altering a pressure within the formation to 
inhibit production of hydrocarbons from the formation having carbon numbers greater 
than about 25. 



25 35. method of claim 1, further comprising: 

providing hydrogen (H2) to the heated section to hydrogenate hydrocarbons 

seefterrr'and * — ^ 

heating a portion of the section with heat from hydrogenation. 



Conley. Rose & Tayon. P.C. 



Tethod of claim 1. wherein the produced mixture^STrrpmes4iyd£^en and 
condensable hydrocarbons, the method further comprising hydrogenating apportion of the 
produced condensable hydrocarbons with at least a portion of the prodrfced hydrogen. 



37. The method of claim I, wherein allowing the heat to transfer comprises increasing a 
permeabilit)^! a majority of the selected section to greater than about 100 millidarcy. 



38. The/method of claims!, wherein alloying the hem to transfer comprises substantially 



uniformly increasing a p 



rmeabihty of a majorityof the selected section. 



39. TheViethod of claimf 1 5 further comprising controlling the heat to yield greater than 
about 60 %sby weight di condensable hydrocarbons, as measured by the Fischer Assay. 



40. The method of claim 1, wherein producing the mixture comprises producing the 
mixture in a production well, ana wherein at least about 7 heat sources are disposed in the 
formation for each production well. 

41. The method of claim 1, further comprising providing heat from three or more heat 
sources to at least a portion of the formation, wherein three or more of the heat sources 
are located in the formation in a unit of heat sources, and wherein the unit of heat sources 
comprises a triangular pattern. 



42. The method of claim 1, further comprising providing heat from three or more heat 
sources/to at least a portion of the formation, wherein three or more of the heat sources 
are located in the formation in a unit of heat sources, wherein the unit of heat sources 
comprises a triangular pattern, and wherein a plurality of the units are repeated over an 
area of the formation to form a repetitive pattern of units. 



Tetfiod of claim 1, further comprising separating the produced mixture into a gas 
stream and a liquid stream. 
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44."ine method of claim 1 . further comprising sepamHngllTc-pFodui^d mixture into a gas 
stream and a liquid stream and separating the liquid stream into an aqueoys stream and a 
non-aqueous stream. 



45. The method of claim 1, wherein the produced mixture comprises H2S, the method 
further comprising separating a portion of the H2S from nojahcondensable hydrocarbons. 
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46. The method cff claim 1, wl 
further comprising separating 



;rein the produced mixture comprises CO2, the method 
:ion of the-€t^ffrom non-condensable hydrocarbons. 



47. The methop of claim 1, wherein the mnaure is produced from a production well, 
wherein the heating is controlled such tljat the mixture can be produced from the 
formation as a var 



ru 



15 48. The method of claim L wherein the mixture is produced from a production well, the 
method further comprising beating a wellbore of the production well to inhibit 
condensation of the mixtt*fre within the wellbore. 

49. The method ofVlaim 1, wherein the mixture is produced from a production well, 
20 wherein a wellbore of the production well comprises a heater element configured to heat 
the formation/adjacent to the wellbore, and further comprising heating the formation with 
the heater element to produce the mixture, wherein the mixture comprises a large non- 
condensable hydrocarbon gas component and H 2 . 



25 5(VThe method of claim 1, wherein the minimum pyrolysis temperature is about 270 °C. 



51. The method of claim 1 further r pmpriging maintaining ffrp pressure within the 
foonatiCrTabove about 2.0 bar absolute to inhibit production of fluids having carbon 
numbers above 25. 
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52. The niilliud uf claim 1. further lumpi ' Lin g r o ntrnl ling^gressure within the formation 
in a range from about atmospheric pressure to about 100 bar, as measurecha a wellhead 
of a production well, to control an amount of condensable hydrocarbon? within the 
produced mixture, wherein the pressure is reduced to increase production of condensable 
hydrocarbons, and wherein the pressure is increased to increase^roduction of non- 
condensable hvdrt5camons. 



B 



53. The merfiod of clainN. further comprising controlling pressure within the formation 
in a range from about atmospheusLpses^ure to abrnxi 100 bar, as measured at a wellhead 
10 of a production well, to/control an API gravit\/of condensable hydrocarbons within the 
producedlmixture, wherein the pressure is seduced to decrease the API gravity, and 
wherein tire pressur/ is increased to reduce the API gravity. 



54. A method of treating a hydrocarbon containing formation in situ, comprising: 
15 providing heat from on^r more heat sources to at least a portion of the 

formation; 

allowing the heat tof transfer from at least the portion to a selected section of the 
formation substantially Jay conduction of heat; 
jlj pyrolyzing at j/ast some hydrocarbons within the selected section of the 

M= 20 formation; and 

producing^ mixture from the formation. 
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55. The memod of claim 54, wherein the one or more heat sources comprise at least two 
heat sources, and wherein superposition of heat from at least the two heat sources 
pyrolyzes at least some hydrocarbons within the selected section of the formation. 



5y. The method of claim 54, wherein th eone or 
leaters,. 



5mpnse electrical 



30 57. The method of claim 54, wherein the one or more heat sources comprise surface 
burners. 
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58. 

distributed combustors. 



lerein the one or more heat sources comprise flameless 



59. The method of claim 54 ; wherein the one or more heat soupres comprise natural 
distributed combustors. 



60. The metbfod of (ftaiVn 54 ; further comprising conrfolling a pressure and a temperature 
within at leAst a maj^ity of the selected sectional the formation, wherein the pressure is 
controlled es a functi^i^^jtempej^ture, or thp4emperature is controlled as a function of 
pressure. 

61. The method of claim 54, further/fcomprising controlling the heat such that an average 
heating rate ofHlje/elected section is less than about 1.0 0 C per day during pyrolysis. 



62. The method of claim 54( wherein providing heat from the one or more heat sources to 
at least the portion of formation comprises: 

heating a selected volume {V) of the hydrocarbon containing formation from the 
one or more heat sources, wherein the formation has an average heat capacity (CV), and 
wherein the heatir^g pyrolyzes at least some hydrocarbons within the selected volume of 
the formation; 

wherem heating energy/day provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by the equation: 
Pjfr = h*V*C v *p B 

vherein Pwr is the heating energy/day, h is an average heating rate of the 
formation. p$ is formation bulk density, and wherein the heating rate is less than about 10 
3 C/dav. 



63. The method^o£dai»-^47wherein providing heat from the one or more heat sources 

Tmprises heating the selected section such that a thermal conductivity of at least a 
portion of the selected section is greater than about 0.5 W/(m °C). 
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64. Jhc method of claim 54, whe rein the produ ced mixture comprises condensable 
hydrocarbons having an API gravity of at least about 25°. 

65. The method ofglaim 54, wherein the produced mixture composes condensable 
hydrocarbons/and whererQ about 0.1 % by weight to about \5/Vo by weight of the 
condensable hydrocarbons are olefins. 
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66. The method of claimv§4, wherein the produced rafixture comprises non-condensable 
hydrocarbons, and where molar ratio of/theije to ethane in the non-condensable 
hydrocarbons ranges from kboiJKLOOJ^aboi^O.15. 

67. The method of claim 5^, wherein th^produced mixture comprises condensable 
hydrocarbons, and wherein less than 2ft>out 1 % by weight, when calculated on an atomic 
basis, of the coh^nsabl^hydrocartfons is nitrogen. 

68. The method of claim 54, Wherein the produced mixture comprises condensable 
hydrocarbons, and whereiniess than about 1 % by weight, when calculated on an atomic 
basis, of the condensable/hydrocarbons is oxygen. 

69. The method of claim 54, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hvdrocarbons is sulfur. 



2D 



70. The method of claim 54, wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the condensable 
hydrocarbons comprisejixygeTrcontaining compounds, and wherein the oxygen 
containing compounds comprise phenols. 
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7 1 . ThejTietliQd^ condensable 
hydrocarbons, and wherein greater than about 20 % by weight of the cojzflensable 
hydrocarbons are aromatic compounds. 



72. The method of claim 54, wherein the produced mixture conrtprises condensable 
hydrocarbons, and wherein less than about 5 % by weight o9me condensable 
hydrocarbons comprises multi-ring aromatics with moreytnan two rings. 
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73. The method of clafoi\54, wherein the produced/mixture comprises condensable 



hydrocarbons, and wherei 



hydrocarbc 



ns are asphalte ies 



lan about 0.3 % by weight of the condensable 



74. The method of claim 54, wherein the produced mixture comprises condensable 



hydrocarbo 



is, and wherein about 5 Yo by weight to about 30 % by weight of the 



condensable\ydrocarfeons are cycnoalkanes. 



S 
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75. The method of claim 54, wherein the produced mixture comprises a non-condensable 
component, wherein the non-condensable component comprises hydrogen, wherein the 
hydrogen is greater than /bout 10 % by volume of the non-condensable component, and 
wherein the hydrogen js less than about 80 % by volume of the non-condensable 
component. 



25 



76. The method 6f claim 54, wherein the produced mixture comprises ammonia, and 
wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 

77. The method of claim 54, wherein the produced mixture comprises ammonia, and 
wherein/the ammonia is used to produce fertilizer. 



78. T/ne method of claim 54, further comprising controlling a pressure within at least a 
30 majority of the sekcled-s^lion uf ihe formation, wherein the controlled pressure is at 
least about 2.0 bar absolute. 
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79>Xhe-«^t0d75fcIaim 54, further comprising controliingT^rmation conditions to 
produce a mixture of condensable hydrocarbons and H2, wherein a partial pressure of H2 
within the mixture is greater than about 0.5 bar. 



80. The method of claim 79, wherein the partial pressure of H 2 is measured when the 
mixture/is at a production well. 

81 . Thje method of plaipi 54, further c^prising altering a pressure within the formation 
10 to inhibit production of tiftifQCMhqrfttom the formation having carbon numbers greater 

than aoput 25. 
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82. The methedof claim 54, wherein controlling formation conditions comprises 
recirculating a portion efr hydrogen from the mixture into the formation. 

83. The method 0/ claim 54, further comprising: 

providing hydrogen (H 2 ) to the heated section to hydrogenate hydrocarbons 
within the secmon; and 

heading a portion of the section with heat from hydrogenation. 

84. Thernethod of claim 54, wherein the produced mixture comprises hydrogen and 
condensable hydrocarbons, the method further comprising hydrogenating a portion of the 
produced condensable hydrocarbons with at least a portion of the produced hydrogen. 



25 >85. The method of claim 54, wherein allowing the heat to transfer comprises increasing a 
permeability of a majority of the selected section to greater than about 100 millidarcy. 



30 



S^TTrjjipthf hl n T 'l i iiin '''1, wlrrin iillfwinc th** hmt to transfer ca mprf^es substantially 
uniformly increasing a permeability of a majority of the selected section. 
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877 ine method of claim 54, f uilhei cuiuptre t ng contr ollingjheheat to yield greater than 
about 60 % by weight of condensable hydrocarbons, as measured by theFiscfrer Assay. 



88. The method of claim 54. wherein producing the mixture comprises producing the 
mixture in a production wetCalM wherein at least about 7 heaptfources are disposed in the 
formation for each prefauctior\well. 
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89. The method or claim 54, furl 
sources to at leajt a portion of the 



r comprising providing heat from three or more heat 
formation, whecein three or more of the heat sources 
are located in thle formation in a ufoit of nfeat^smm^s, and wherein the unit of heat sources 



25 



comprises a tria igular pattern 

90. The method oKclaim 5^/\ further comprising providing heat from three or more heat 
sources to at least a portion of the formation, wherein three or more of the heat sources 
are located in the formation in a unit of heat sources, wherein the unit of heat sources 
comprises a triangular patterns/and wherein a plurality of the units are repeated over an 
area of the formation to form a repetitive pattern of units. 

91. A method of treating a hydrocarbon containing formation in situ, comprising: 

providing he^c from one or more heat sources to at least a portion of the 
formation; 

allowing/fhe heat to transfer from the one or more heat sources to a selected 
section of the formation; and 

heating the selected section such that a thermal conductivity of at least a portion 
of the selected section is greater than about 0.5 W/(m °C). 



92. The/nethod of claim 91, wherein the one or more heat sources comprise at least two 
heat sources, and vvher^in-supefposilioii Ofheal froni at lou^l the Iwu heat sctfrces 
pyrolyses-afleast some hydrocarbons within the selected section of the formation. 
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93. ~»>r> mmhnH nf pl^j m Qi, wherein controll ing formation conditions comprises 
maintaining a temperature within the selected section^vitlurr^TTyre^^ 
range. 



94. The method of claim 91, wherein the one or more heat sources comprise electrical 
heaters. 

95. The metl^od of claim 9{l, wherein the one or more he^sources comprise surface 
burners. 

96. The method of clairA 91, wherein the one or^nore heat sources comprise flameless 
distribute^ combustors. 



97. The method-ef claim 91, wherein t^e one or more heat sources comprise natural 
distributed combustors. 

98. The method of claim 91, further comprising controlling a pressure and a temperature 
within at least a majority oMie selected section of the formation, wherein the pressure is 
controlled as a function temperature, or the temperature is controlled as a function of 
pressure. 

99. The method df claim 91, further comprising controlling the heat such that an average 
heating rate ofi^the selected section is less than about 1 °C per day during pyrolysis. 



100. TKe method of claim 91, wherein providing heat from the one or more heat 
sourc^ to at least the portion of formation comprises: 

heating a selected volume (V) of the hydrocarbon containi ng for mation from the 
Q Qe orjr iQrjti^a^-snOTces. wherein the formation has an average heat capacity (C v ), and 
wherein the heating pyrolyzes at least some hydrocarbons within the selected volume of 
the formation: and 
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107. -fhe method ot claim 91, wheiein the piuUucedTttijrtui^XQmprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculatec^/fo an atomic 
basis, of the condensable hydrocarbons is sulfur. 

\ 

108. The methoa of claim 91, wierein the produced mixture/comprises condensable 
hydrocarbons, wherein about 5 % byS^eight to about 30 %J6y weight of the condensable 
hydrocarbons/comprise oxygen containing cofTipetmds^^nd wherein the oxygen 
containing compounds comprise phenols. 
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10 109. The method of claim 91/, wherein the produced mixture comprises condensable 
hydrocarbons^and wherein abater than atyemt 20 % by weight of the condensable 
hydrocarbons are^ai^niajic compoundsy 
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1 10. The method of claim 91, ymerein the produced mixture comprises condensable 
15 hydrocarbons, and wherein les/than about 5 % by weight of the condensable 

hydrocarbons comprises mufti-ring aromatics with more than two rings. 

111. The method ofirlaim 9 1 , wherein the produced mixture comprises condensable 
hydrocarbons, and *vherein less than about 0.3 % by weight of the condensable 

20 hydrocarbons ar/ asphaltenes. 
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112. The/method of claim 91, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 

1 1/. The method of claim 91, wherein the produced mixture comprises a non- 
mdensable component, wherein the non-condensable componentcpmprises hydrogen, 
/hereinjhe-4*rdrogen is greater than about 10 % by volume of the non-condensable 
component, and wherein the hydrogen is less than about 80 % by volume of the non- 
condensable component. 
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wherein heating energy/day provided to the volume is equal to or^ss than Pwr. 
wherein Pwr is calculated by the equation: 
Pwr =/?*F*C v Vs 

wherein Pwr is the heating energy/day, h is an average/fieating rate of the 
formation, p B is formation bulk density, and wherein the heating rate is less than about 10 
°C/day. 




u 1 



101. The Method of clai 
transferring/heat substantia 



91, wherein alLowijafg the heat to transfer comprises 
ly s fcyi conception, 




method of clajtn 91, wherein the produced mixture comprises condensable 
PI gravityof at least about 25°. 



102. The 
hydrocarbo 



103. The method of claim 9K wherein the produced mixture comprises condensable 
hydrocarbons, and wherein ifoout 0.1 % by weight to about 15 % by weight of the 
condensable hydrocarbons are olefins. 

104. The method pf claim 91, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0.001 to about 0.15. 

105. The method of claim 91, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis^of the condensable hydrocarbons is nitrogen. 



The method of claim 9L_%Jie 4£in the produced mix ture comprises condensable 
JnsTand wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. 
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1 14. The m e thod n f rbir" n 1 "^rmn thn p^A^nnA wij vtnfin nnmpp r;n S ammonia and 
wherein greater than about 0.05 % by weight of the produced mixture is anzfhonia. 
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115. The method of^tenrr91>^yherein the produced mixture composes ammonia, and 
wherein the ammpfua is used to produce fertilizer. 



1 16. The Aethod of claim 91, 
a majority yof the selected sectior 
least about 2.0 bar absolute. 



\ 

;her comprising controlling a pressure within at least 
of th^formation, whepein the controlled pressure is at 
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1 1 7. The method of claim p\ , further comfmsing controlling formation conditions to 
produce a mixture of compensable hydrocarbons and H2, wherein a partial pressure of H2 
within the mixture is greater than about 0.5 bar. 

118. The method of claim 147, wherein the partial pressure of H 2 is measured when the 
mixture is at a production/well. 

119. The method^of claim 91, further comprising altering a pressure within the 
formation to in|a(ibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. 



120. / The method of claim 91, wherein controlling formation conditions comprises 
recirculating a portion of hydrogen from the mixture into the formation. 



25 /121. The method of claim 91, further comprising: 

— p r oviding h ydfogen (H 2 ) to the h eated seitiun to hydi o gonatc hyd rocarbons 
within the section; and 

heating a portion of the section with heat from hydrogenation. 
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122. The method of claim 91, wherein the produced mixture comprises hydrogen and 
condensable hydrocarbons, the method further ^ompifeTngJix^ogenating a portion of the 
produced condensable hydrocarbons with at least a portion of the prcid^ced hydrogen. 

123. The method of claim 91, wherein allowing the heat to transfer^mprises 
increasing a permeability of a majority of the selected section to^gfeater than about 100 
millidarcy. y 

124. The method orlclaim 91, wherein allowing the heat to transfer comprises 
substantially uniformlA increasing a permeabilky of a majority of the selected section. 

125. /The method of claim 91, further comprising controlling the heat to yield greater 
than about 60 Wo by weight of condensarole hydrocarbons, as measured by the Fischer 
Assay.^^ / 

126. The method of claim 9l/wherein producing the mixture comprises producing the 
mixture in a production well^/and wherein at least about 7 heat sources are disposed in the 
formation for each production well. 

127. The method ofrclaim 91, further comprising providing heat from three or more 
heat sources to at lept a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 

128. The /method of claim 91, further comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formatiQjiitt-a-i^ heat sources, wherein the unit of heat 
sources /ompnses a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 

1297 a method or Treating a hydrncHrhnn rni iLniiii+g-£o Lrm at] nn^^ comprising: 
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> ^ _providing heat from one or more heat sources to at least a portion of the 
formation; -^^^ 

allowing the heat to transfer from the one or more heat sources to a selected 
section of the formation; X 

controlling the heat from the one or more heat sources such thrft an average 
temperature within at least^lnaferity of the selected section of th^Tormation is less than 
about 370 °C such that pfroductlon of a substantial amount of hydrocarbons having carbon 
numbers greater thap 25 is inhibited; / 

controlling a pressure wrchin at least a majority m the selected section of the 
formation, wherein the controlleckpressure is at leasJ/2.0 bar; and 

producing a mixture from the formation^herein about 0. 1 % by weight of the 
produced mixture to about 13% by weight-e^me produced mixture are olefins, and 
wherein an average carbon dumber of the produced mixture ranges from 1-25. 

130. The method of daim 129, wherein the one or more heat sources comprise at least 
two heat sources>amfwherein superposition of heat from at least the two heat sources 
pyrolyzes at least some hydrocarbons within the selected section of the formation. 

131. The method of claum 1 29, wherein controlling formation conditions comprises 
maintaining a temperature within the selected section within a pyrolysis temperature 
range. / 

132. The method of claim 129, wherein the one or more heat sources comprise 
electrical h/aters. 

133. / The method of claim 129, wherein the one or more heat sources comprise surface 
burners. 



134. The method of claim 129, wherein the one or more heat sources comprise 



flameless distributed combustors. 



293 



Conley, Rose & Tayon. P.C 



135. "^Th^ mglhod of cla im 129, wherein the one or more heat sources comprise natural 
distributed combustors. 



136. The method of claim 129, further comprising controlling a pressure ami a 
temperature within ajj^ast a majority of the selected section of the formation, ^herein 
the pressure is camrolfeci as a function of temperature, or the temperature i^ontrolled as 
a function of oressurel 

137. Th6 method of (jl^n 129, further comprising controlling the heat such that an 
average tteating rate oi/the sel&rte<Ls£Clion is less than ^foout 1 °C per day during 
pyrolys/s. 



138. ^he methoci of claim 129, wherein providing heat from the one or more heat 
sources to M4©£st the portion of formation comprises: 

heating a selected volume {VXof the hydrocarbon containing formation from the 
one or more heat sources, whereip the formation has an average heat capacity (C v ), and 
wherein the heating pyrolyzes^at least some hydrocarbons within the selected volume of 
the formation; and 

wherein heating eAergy/day provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by the equation: 
Pwr = h*V*@ v *p B 

wherein Pwr is the heating energy/day, h is an average heating rate of the 
formation, p B is/ormation bulk density, and wherein the heating rate is less than about 10 

°C/day. 

139. TKe method of claim 129, wherein allowing the heat to transfer comprises 
transfemng heat substantially by conduction. 



1/0. The method of claim 129, wherein providing heat from the one or more heat 
sources comi 



ing the selected section such that a thermal conductivity~of3rteasr 
a portion of the selected section is greater than about 0.5 W/(m °C). 
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141 . T lie-merKocT o f c 1 ai m 1 29, wherein the produced mixture comprise^conctensable 
hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight ofj)?(£ 
condensable hydrocarbons are olefins. 



142. The method of claim 129, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein a molar ratio of eth^rfe to ethane in the non- 
condensable/Kydrocarbons ranges from about 0.001 to about 0.15. 



143. /The method of 
hydrocarbons, and whe 



basis 



zh[m 129, wherein the produced mixture comprises condensable 
rein iess4han abouL^% by weight, when calculated on an atomic 
of the condensable hydrocarbons is nitrogen. 



144. \ The methocU>f claim 129f wherein the produced mixture comprises condensable 
hydroWbons, apA wherein j£ss than about 1 % by weight, when calculated on an atomic 
basis, of tKecondensable/fiydrocarbons is oxygen. 



145. The methoa of claim 129, wherein the produced mixture comprises condensable 
hydrocarbonsy^nd wherein less than about 1 % by weight, when calculated on an atomic 
basis, of tho'condensable hydrocarbons is sulfur. 

146. / The method of claim 129, wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. 



147. The method of claim 1 29 r wherein the produced mixture com prises condensable 
hydrocarbons, and wherein greater than about 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. 
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Rf The method of claim 129, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 

149. The method ofrtHaini 129, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein le\s than about 0.3 % by weighyof the condensable 
hydrocarbons are /sphaltenes. 

150. The method of claim 129, wherem^reT5fo3y6ed mixture comprises condensable 
10 hydrocarbons, and wherein aboit 5 % by weight^ about 30 % by weight of the 

condensable hydrocarbons are^ycloalkanes. 

151. The method ofrtSim 129, whereir/the produced mixture comprises a non- 
condensable component, wherein the npn-condensable component comprises hydrogen, 

15 wherein the hydrogen is greater than/about 10 % by volume of the non-condensable 
component, and wherein the hydr^en is less than about 80 % by volume of the non- 
condensable component. 

152. The method of claim 129, wherein the produced mixture comprises ammonia, and 
20 wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 

153. The method of claim 129, wherein the produced mixture comprises ammonia, and 
wherein the ammonia is used to produce fertilizer. 



2} 



154. Th^method of claim 129, further comprising controlling formation conditions to 
produce ar mixture of condensable hydrocarbons and H2, wherein a partial pressure of H2 
within me mixture is greater than about 0.5 bar. 



1 5 5/ The metjaodrefrtaiin 154, Wherein the partial pressure of H2 is measured when the 
mixfure is at a production well. 
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1 56. The method ol claim 129, further comprising altering a presSTire within the 
formation to inhibit production of hydrocarbons from the formatio^having carbon 
numbers greater than about 25. 



! ■ 

J3 



5 157. The methocK)FfeJaim 129, further comprising: 

providing hydrogen (H2) to the heated sectj*m to hydrogenate hydrocarbons 
within the section; anfl 

heating a portioVKof the section with)feat from hydrogenation. 

10 158. The method of claim 129, wherein the produced mixture comprises hydrogen and 
condensable Hydrocarbons, the method further comprising hydrogenating a portion of the 
produced condensable hydrocarbons with at least a portion of the produced hydrogen. 
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159. The method of claim V29, wherein allowing the heat to transfer comprises 
increasing a permeability ojra majority of the selected section to greater than about 100 
millidarcy. 

160. The method oyclaim 129, wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 

161 . The method of claim 129, further comprising controlling the heat to yield greater 
than about 60 fo by weight of condensable hydrocarbons, as measured by the Fischer 

Assay. 



25 162. Tne method of claim 129, wherein producing the mixture comprises producing 

the miyure in a production well, and wherein at least about 7 heat sources are disposed in 
the formation for each production well. 



162. The method of claim 129, further comprising providing heat from three or more 



heat sources to aUgast-a-ptntlon ol the formation, wherein three or more ot the heat 
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sowers are located iu the formation in a unit of heat sources, and wheret 
sources comprises a triangular pattern. 



Iheat 



^0 
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164. The method of claim 129, further comprising providing heat from tjafee or more 
heat sources to at least^a portion okthe formation, wherein three or mo^e of the heat 
sources are locatec/in the formationVn a unit of heat sources, wher^m the unit of heat 
sources comprises a triangular pattern, and wherein a plurality yff the units are repeated 
over an area of /he formation to forrisa repetitive pattern oi/units v 



165. The method of claim 129, mrther compris 
into a gas stream and a liquid stream. 



Separating the produced mixture 



166. The method of claim L29, further^omprising separating the produced mixture 
into a gas stream ^Kj s ali^krfa stream ^nd separating the liquid stream into an aqueous 
stream and a non-aqueous stream. 
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167. The method of claim /29, wherein the produced mixture comprises H2S, the 
method further comprisin^separating a portion of the H2S from non-condensable 
hydrocarbons. 

168. The methocrof claim 129, wherein the produced mixture comprises CO2, the 
method further c/mprising separating a portion of the CO2 from non-condensable 
hydrocarbons. 



25 169. The method of claim 129, wherein the mixture is produced from a production 
well, wj^erein the heating is controlled such that the mixture can be produced from the 
formafiion as a vapor. 



1^0. The method of claim 129, wherein the mixture is produced fr om a produ stiofr""^ 
weUr^fc^TnetEodi Further comprising heating a wellbore of the production well to inhibit 
condensation of the mixture within the wellbore. 
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171. "TV mrtbnH nf nlnim 1 7Q the re in the mixture is produced from a production 
well, wherein a wellbore of the production well comprises a heaterelanerHT^o^^ 
heat the formation adjacent to the wellbore, and further comprising heating the formation 
with the heater element to produce the mixture, wherein the produced mixture compp^e a 
large non-condensable hydrocarbon gas component and H2. 
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1 72. The mejtfod of </lpim 129, wherein the minimum pyrolysis temperature is about 
270 °C. 

The method of claim 129, further comprising maintaining the pressure within the 
ion above ab/ut 2.0 ba^absolute to injjitfit produ£tton of fluids having carbon 
rs above 2: 

[74. TRemethod of claim 129, further comprising controlling pressure within the 
formation in a range from about atmospheric pressure to about 100 bar absolute, as 
measured at a wellhead of a production/well, to control an amount of condensable fluids 
within the produced mixture, wherem the pressure is reduced to increase production of 
condensable fluids, and whereinytne pressure is increased to increase production of non- 
condensable fluids. 



25 



1 75. The method of/claim 129, further comprising controlling pressure within the 
formation in a range from about atmospheric pressure to about 100 bar absolute, as 
measured at a wellhead of a production well, to control an API gravity of condensable 
fluids withiinhe produced mixture, wherein the pressure is reduced to decrease the API 
gravity, jmd wherein the pressure is increased to reduce the API gravity. 



1 lU A method of treating a hydrocarbon containing formation in situ, comprising: 
providing heat from one or more heat sources to at lea§La-peftien of the 
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allowing the heat to transfer from the one or more heat sources to a selected 
section of the formation; 

controlling a pressure within at least a majority of the selected sec?ftm s of the 
formation, wherein the controlled pressure is at least about 2.0 bar absolute; aprd 
producing a mixture from the formation. 



177. The met] 
the pressure vylth a valve 



of claim 1^6, wherein controlling the prendre comprises controlling 
oupled to af least one of the on^/or more heat sources. 



1 78. The tnethod of </laim 1 76, wherein controJHng the pressure comprises controlling 
the pressure! with a va^ve coupled to a production well located in the formation. 



179. The mefftou of claim 176, whecein the one or more heat sources comprise at least 
two heat sources, and wherein superposition of heat from at least the two heat sources 
pyrolyzes at least some hydrocacoons within the selected section of the formation. 

180. The method of claim 176, wherein controlling formation conditions comprises 
maintaining a temperatyre within the selected section within a pyrolysis temperature 
range. 

181. The method of claim 176, wherein the one or more heat sources comprise 
electrical heaters. 

182. Tl^e method of claim 176, wherein the one or more heat sources comprise surface 
burners 

1 83\ The method of claim 1 76, wherein the one or more heat sources comprise 
imeless distributed combustors. 



h — The method of claim 176, wherein the one or more heat sources comprise narar 
distributed combustors. 
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I Jhff mpthnH nf rlaim 1 76 1 further comprisinp controlling a temperature within at 

least a majority of the selected section of the fonriatlonr^hefekulie pressure is 
controlled as a function of temperature, or the temperature is controlled as ^function of 
pressure. 



186. The methpd^ofdaJm 176, further comprising controlling tHe heat such that an 
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average heati^ rate of the 
pyrolysis. 



187. Th( 



method of claim 



lected section is less than about IrC per day during 



1 767^vheFeH^i7rC^ from the one or more heat 

sources to (it least the portion of formation comprises: 

hea^ng a selected volume (V) of the hydrocarbon containing formation from the 
one or more>tieat sources, wherein the formation has an average heat capacity (C v ). and 
wherein the hewing pyroiyzes at least ^ome hydrocarbons within the selected volume of 
the formation; and 

wherein heating energy/^y provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by /he equation: 
Pwr = h*V*C v *p B 

wherein Pwr is tne heating energy/day, h is an average heating rate of the 
formation, p B is formation bulk density, and wherein the heating rate is less than about 10 

°C/dav. 
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188. The method of claim 176, wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. 



[89./ The method of claim 176 wherein prnviHin? from the one or more heat 
soutees^ornprises heating the selected section such that a thermal conductivity uf atieast 
a portion of the selected section is greater than about 0.5 W/(m °C). 
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le method of claim 176, wherein the produced mixture comprises"c5pdensable 
hvdrocarbons havine an API eravity of at least about 25°. 



191. The method i>£ei^im 1 76, wherein the produced mixture comprises condensable 
hydrocarbons/^nd v\ttierein about 0.1 % by weight to about 15^S by weight of the 
condensable hydrocarbons are olefins. 

192. /The method o^clahm 176, wherein the product mixture comprises non- 



conde isable hydroca: 



conde isable hydrocarbons ranges from about Qd)0 1 to about 0.15. 




bons, anc 



lolar rafio of ethene to ethane in the non- 



193. The method of claim 176, wherenzf the produced mixture comprises condensable 
hydrocarbons, and wherein less than aoout 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitroeen. 



194. The method of claim V76. wherein the produced mixture comprises condensable 
hydrocarbons, and whereir/less than about 1 % by weight, when calculated on an atomic 
basis, of the condensabl/hydrocarbons is oxygen. 

195. The methodof claim 176, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. 



196. T/fie method of claim 176, wherein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 % by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. 



l/?7. The methodxif^tenTrT76, wherein the produced mixture comprises condensable 
lycjj^cnrbons. and wherein greater than about 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. 
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198. The method of claim 1 76, wherein tfte producedTTTixttire-Gomniises condensable 
hydrocarbons, and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 
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1 99. The method of claim 1 76, wherein the produced mixture comprises condensable 
hydrocarbons, and'wFte^ein less than about 0.3 % by weight of^ne condensable 
hydrocarbons yare asph^enes. 



wherein the^produ^ed mixture comprises condensable 
aPbu p ToJ ^rweight )6 about 30 % by weight of the 
s are cycloalkanes. 




200. Thfe method of c 
hydrocarbons, and wherelin 
condensa ble hydrocarbo 



201 . THp method of claim 1 76, whereirf the produced mixture comprises a non- 
condensab^ component, wherein the pfon-condensable component comprises hydrogen, 
wherein the hydj^g^rf is greater than about 10 % by volume of the non-condensable 
component, and wherein the hyd/ogen is less than about 80 % by volume of the non- 
condensable component. 

202. The method of claim 176, wherein the produced mixture comprises ammonia, and 
wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 



25 



203. The methocf of claim 176, wherein the produced mixture comprises ammonia, and 
wherein the amrarania is used to produce fertilizer. 

204. The Method of claim 176, further comprising controlling formation conditions to 
produce a/mixture of condensable hydrocarbons and tb, wherein a partial pressure of H2 
within tne mixture is greater than about 0.5 bar. 



30 20 f The method of claim 204, 
iixture is at a-»FedtIcfion well. 



Hfl-the partial pressure ot Hi is nieaSureti^4^nJiig_____ 
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206. ^The method of claim 176, further compris ing altering a pressure within the 
formation to inhibit production of hydrocarbons from theformatreiUiaying carbon 
numbers greater than about 25. 

207. The method ofcl aim 1 76, therein controlling formation conditions emprises 
recirculating a portion of hydrogen from the mixture into the formation. 



her comprising 
the heafeefsection to hydrogepite hydrocarbons 



208. The chethod of claim 176, 
providing hydrogen (H2) t 

within the section; and 

hea ;ing a portion of the section with heat from hydnefgenation. 

209. The method of claim 176, wherein the produced mixture comprises hydrogen and 
condensable hydrocarbons, ttte method further comprising hydrogenating a portion of the 
produced conden^aWe hydrocarbons with at least a portion of the produced hydrogen. 

210. The method of claim 176, whereiia allowing the heat to transfer comprises 
increasing a permeability of a majority of the selected section to greater than about 100 
millidarcy. 

211. The method of claim l/6, wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 

2 1 2. The method of claim 1 76, further comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by the Fischer 

Assay. 



213. T#e method of claim 176. wherein producing the mixture from the formation 
composes producing the mixture in a production well, and wherein at least about 7 heat 
soi 



"in the tormation for each production^ 
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214. A ryrthnA trying a hydr^^rhoni^ntaining formation in situ, comprising: 

providing heat from one or more heat sources to atleasTa^ortion of the 
formation; 

allowing the heat to transfer from the one or more heat sources to a seledted 
section of the formation; and 

controllipg a p /essure within at least a majority of the selected^ction of the 
controlled pressure is at least about 2.0 hafabsolute; 



formation, wherein the 
cont/olling the 
temperature within at I 



about 375 



°C;and 



iekt from the one or more heat souip^s such that an average 
st a majority of the selected section of the formation is less than 



producing a mixture from the formatic 

215. The\nethod o/ claim 214, wherein the one or more heat sources comprise at least 
two heat sourbe^jm wherein superposition of heat from at least the two heat sources 
pyrolyzes at least some hydrocarbons within the selected section of the formation. 

216. The method of claiir/214, wherein controlling formation conditions comprises 
maintaining a temperatui^ within the selected section within a pyrolysis temperature 
range. 

217. The method of claim 214, wherein the one or more heat sources comprise 
electrical heaths. 

218. TJafe method of claim 214, wherein the one or more heat sources comprise surface 
burner/ 



2 1 9/ The method ofclai 
flamelesT3istributed combustors. 



le one or more heat sources comprise 
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22a^FteTriethod ot claim 214, vTf 
distributed combustors. 



or more heat sources comprise natural 
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221 . The method of claim 214, further comprising controlling a pressure and a 
temperature within at least a majority of the selected section of the formation, wherein 
the pressure is controlled as a function of temperature, or the temperature is controlled, 
a function of pressure^ 



222. The method of claim 214, flit 



average heatin 
pyrolysis. 



rate of the selected section is less than about 1 °C/j5er day during 




:r comprising controlling the hear such that an 



223. The method of claim 214, wherein providing Jareat from the one or more heat 
sources to at leas\the portion of fonnation comprises: 

heating a selHted voluprfe (V) of the hwocarbon containing formation from the 
one or more heat sources, wherein the formation has an average heat capacity (C v ), and 
wherein the heating pyrolyzes at least sojne hydrocarbons within the selected volume of 
the formation; and 

wherein heating energy/daVprovided to the volume is equal to or less than Pwr. 
wherein Pwr is calculated by tl^/equation: 
Pwr = h*V*C v *p B 

wherein Pwr is th^heating energy/day, h is an average heating rate of the 
formation, p B is formation bulk density, and wherein the heating rate is less than about 10 

°C/day. 

224. The frfethod of claim 214, wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. 



225V The method nf rl ^im 714, "'hrHn prnviHinp heat from the oneor more heat 



sources comprises heating the selected section such that a thermal conductivity of at least 
a portion of the selected section is greater than about 0.5 W/(m °C). 
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226. The meihod ot claim 214, wheiein the preducatinixture comprises condensable 
hydrocarbons having an API gravity of at least about 25°. 



227. The methockST clar 
hydrocarbons, md where in 



214, wherein the produced mixture comprisgg'condensable 
^bout 0.1 % by weight to about 15 % by^eight of the 



condensable/hydrocarbofv^ are olefins. 

228. Tfte method of claim 2 l4>A\iieranjhe produced mixture comprises non- 
condensafble hydrocarbons, and wherein about 0a % by weight to about 15 % by weight 
of the non-condensablje hydrocarbons are olefins. 

229. The method of claim 214, wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0.001 to about 0.15. 

230. The method of claim 214, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 

23 1 . The merhod of claim 214, wherein the produced mixture comprises condensable 
hydrocarbopfs. and wherein less than about 1 % by weight, when calculated on an atomic 
basis, ofyme condensable hydrocarbons is oxygen. 



232c The method of claim 214, wherein the produced mixture comprises condensable 
vdrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
^basis, of the condensable hvdrocarbons is sulfur. 



2 j j. The method of claim 214, wherein the produced mixture comprises condensable 
hvdrocarbons. wherein about 5 % bv weiaht to about 30 % by weight of the condensable 
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^ JivHrr trnrhnn*; rn piprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. ^^^^ 

234. The method of claim 214, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 % by weight of the condensable J 
hydrocarbons are aromatic compounds. / 

235. The method/of claim 214, \tfherein the produced mixture comprises condensable 
hydrocarbons, arm wherein less man about 5 % by weight of the condensable 
hydrocarbons comprises multi-rjnk aromatics with more thap^fwo rings. 

236. The memod of claim 2m, wherein th^pradue^d mixture comprises condensable 
hydrocarbons, anfcl wherein le/s than about 0.3 y<fby weight of the condensable 
hydrocarbons are aspftakeiies. / 

237. The method of claim 214, wjzerein the produced mixture comprises condensable 
hydrocarbons, and wherein abou^o % by weight to about 30 % by weight of the 
condensable hydrocarbons arexycloalkanes. 

238. The method of ofaim 214, wherein the produced mixture comprises a non- 
condensable component, wherein the non-condensable component comprises hydrogen, 
wherein the hydrogen is greater than about 10 % by volume of the non-condensable 
component, ama wherein the hydrogen is less than about 80 % by volume of the non- 
condensable/component. 

239. /The method of claim 214, wherein the produced mixture comprises ammonia, and 
wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 

24uNOQ!ejii£il^^ 214, wherein the produced mixture comprises ammonia^n^ 

wherein the ammonia is used to produce fertilizer. 
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14 1 . ■ The nwillojl ol claim 214, wherein coritrotttftg4heJieat further comprises 
controlling the heat such that coke production is inhibited. 



242. The method of claim 214, further comprising controlling formation conditions/to 
produce a mixture of condensable hydrocarbons and H2, wherein a partial pressur^of H2 
within the mixture is greateMKarTlbQUt 0.5 bar. 
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243. The method m claim 242, wfyeifein the partial pressure of Hyts measured when the 
mixture is at a production well. 

244. The method of claim 214, f^rthensampDS^ the pressure within the 
formation to inhibit production of^hydrocarbons frpm the formation having carbon 
numbers greater man about 25. 

245. The method of claim 214, wherem controlling formation conditions comprises 
recirculating a portion of hydrogen from the mixture into the formation. 

246. The method of claim 244, further comprising: 
providing hydroge;/(H2) to the heated section to hydrogenate hydrocarbons 

within the section; and , 

heating a portion of the section with heat from hydrogenation. 



247. The mefliod of claim 214, wherein the produced mixture comprises hydrogen and 
condensable4iydrocarbons, the method further comprising hydrogenating a portion of the 
produce^condensable hydrocarbons with at least a portion of the produced hydrogen. 

24/. The method of claim 214, wherein allowing the heat to transfer comprises 
increasing a permeability of amajaiity-efthe^lected section to greater than about 100 
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249. The method of claim 214, wherein allowing the heat to transfer comprises 
substantially uniformlyincre^ of the selected section. 

250. The method of claim 214, further comprising controlling the heat to yieta greater 
than about 60 % by weight of condensable hydrocarbons, as measured by the Fiscjier 
Assay. 



25 1 . The method of claim 214, \yherein producing the mixture comprises producing 
the mixture in / production wAh and wherein at least about 7 heat s<>rfrces are disposed in 
the formation for each producti \ 



►n well 



252. Thef method of claim 214, further comprising prodding heat from three or more 
heat sourcp to at least a portion of th^sformation, v&ferpn three or more of the heat 
sources ane located in the formation in a unit ofjeat sources, and wherein the unit of heat 
sources comprises a trianjgular pattern. 



253. The m&thtfcl of claim 214, fy*fher comprising providing heat from three or more 
heat sources to at least a portiorydf the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 

254. A method of treating a hydrocarbon containing formation in situ, comprising: 
providing heat from one or more heat sources to at least a portion of the 

formatiorff 

'allowing the heat to transfer from the one or more heat sources to a selected 
secpfcn of the formation; 

producing a mixture from the formation, wherein at least a portion of the mixture 
fs produced during the pyrolysis and the mixture moves through the formationjii-a^apor 
phase; and 

maia toiflmgr^pressure within at least a majority of the selected section above 
about 2.0 bar absolute. 
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^> Th p rr^ 1 1 . . n I ^ f ■ 1 i i i n ^ ^ I iUh n'iii Mu' mil' in mmgJ^f Qnirrrpq comprise at least 

two heat sources, and wherein superposition of heat from at least the twvheat sources 
pyrolyzes at least some hydrocarbons within the selected section of th^rormation. 



256. The method o. 
maintaining a t^fiperature 
range. 



254, wherein controlling form^rfion conditions comprises 
within the selected sectiorrvmhin a pyrolysis temperature 
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257. The method of clqim 254, wher^m the one or more heat sources comprise 
electrical leaters. 



258. The' 
burners. 



)f claim/z54, wherein the one or more heat sources comprise surface 
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259. The method of claim 254, wherein the one or more heat sources comprise 
flameless distributed combustors. 

260. The method of claim 254, wherein the one or more heat sources comprise natural 
distributed combustors. 



26/. The method of claim 254, further comprising controlling the pressure and a 
temperature within at least a majority of the selected section of the formation, wherein 
the pressure is controlled as a function of temperature, or the temperature is controlled as 
a function of pressure. 

262*- — Tfiemethod of claim 254, further comprising controlling the heat such that an 
average heating rate of the selected section is less than about 1 °C per day during 
pyrolysis. 
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263. T%eTTTetEodof claim 254, wherein providing heat from th^oite^wiiore heat 
sources to at least the portion of formation comprises: 

heating a selected volume (V) of the hydrocarbon containing formation ffom the 
one or more heat sources, wherein the formation has an average heat capaoty (C v ), and 
wherein the heating pyrolyzes at least some hydrocarbons within the sheeted volume of 
the formation; 

wherein heati&g energy/day provided to the volume i^qual to or less than Pwr 9 
wherein P\fr is calculated by the equation: 
P$r = h*V*C v W 

Wherein Pxvr is the heating energy/day, hj& an average heating rate of the 
formation, p B is formation bulk density, andynerein the heating rate is less than about 10 

°C/day. 
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264. Thkmethod of claim 254, Wherein allowing the heat to transfer comprises 
transferring h^at^iib^tantially by conduction. 



m 
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265. The method of clatfn 254, wherein providing heat from the one or more heat 
sources comprises heat&g the selected section such that a thermal conductivity of at least 
a portion of the selected section is greater than about 0.5 W/(m °C). 

266. The memod of claim 254, wherein the produced mixture comprises condensable 
hydrocarbon/having an API gravity of at least about 25°. 



267. The method of claim 254, wherein the produced mixture comprises condensable 
25 hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight of the 
cocraensable hydrocarbons are olefins. 



30 



£>68. The method of claim 254, wherein the produced mixture comprises non- 
f condensable hydn^cajjaoasr^^ about 0.1 % by weight to about 15 % by weight 

ion-condensable hydrocarbons are olefins. 
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269. ^ The method gf Haim ?S4 whprpin the t pr oduced mixt ure comprises non- 
condensable hydrocarbons, and wherein a molar ratio of ethene to ethaneTrrttie non- 
condensable hydrocarbons ranges from about 0.001 to about 0.15. 



10 



270. The method of claim 254, wherein the produced mixture comprises^ondensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condej^able hydrocarbons is nitrogen. 



27 1 . The method of claim 



basis, of the condensable h> 



154, wherein the produced mixture comprises condensable 



hydrocarbonfc, and wherein 1 ess th an afac mfT % by weight; when calculated on an atomic 



rocarbons is oxygen. 
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272. The method of claim 254, wherein theyproduced mixture comprises condensable 
hydrocarbons, and^herefn less than about/l % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbonsis sulfur. 



20 



273. The method of claim 254/wherein the produced mixture comprises condensable 
hydrocarbons, wherein about y% by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds/x)mprise phenols. 
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274. The method of claim 254, wherein the produced mixture comprises condensable 
hydrocarbons/and wherein greater than about 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. 

275. / The method of claim 254, wherein the produced mixture comprises condensable 
hydrocarbons, and wh^r fin Hi >■ . i lum i r \ % hv UH i ul i t n f tl m m nr l rir,able 
hydrocarbons comprises multi-ring aromatics with more than two rings. 
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276^---- : RirTneniod of claim 254, wherein the produced mixture compn3&reoii4ensable 
hydrocarbons, and wherein less than about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. 



277. The method o£t5laim 2§\ wherein the produced mixture comprises condensable 
hydrocarbons, arid wherein about 5\o by weight to about 30 % b^eight of the 
condensable4iydrocaftbons are cycloalkanes. 



278. The method c 
condensable compo 



f olaim 254, wherein the'produp^d mixture comprises a non- 
10 conderfsable component, w^^ereinth^^ component comprises hydrogen, 
wherein the hydrogepi is greater than about JK) % by volume of the non-condensable 
component, and whferein the hydrogen iaHess than about 80 % by volume of the non- 
condensable component. 



1 5 279. The method of claim/254, wherein the produced mixture comprises ammonia, and 
wherein greater than abom 0.05 % by weight of the produced mixture is ammonia. 
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280. The method of claim 254, wherein the produced mixture comprises ammonia, and 
wherein the ammonia is used to produce fertilizer. 

28 1 . Ttfe method of claim 254, wherein the pressure is measured at a wellhead of a 
production well. 



25 



282. The method of claim 254, wherein the pressure is measured at a location within a 
'wellbore of the production well. 



283. The. 
absolute. 



"oTclaim 254, wherein the pressure is maintained below about 100 bar 
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284.— ¥be r rneihod of claim z54, further comprising controlliny furtttatioo^gnditions to 
produce a mixture of condensable hydrocarbons and H 2 , wherein a partial pr^ure of H2 
within the mixture is greater than about 0.5 bar. 



*0 

5 



5 285. The method ££eterm484, wherein the partial pressure 0^2 is measured when the 
mixture is at a reduction well. 

286. The^nethod of clai 11^4, further compri^ing/^ltering a pressure within the 
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formation 
numbers j; 

287. J\ 
recirculati 



[o inhibit produ 



:tion ofRydfocarbons from the formation having carbon 



reater than about 25. 

e method of cpim 254, whereuf controlling formation conditions comprises 
g a portion of hydrogen from the mixture into the formation. 



288. The method di claim 25y further comprising: 

providing hydrogen to the heated section to hydrogenate hydrocarbons 
within the section; and 

heating a portion of the section with heat from hydrogenation. 



20 289. The method of claim 254, wherein the produced mixture comprises hydrogen and 
condensable hydrocarbons, the method further comprising hydrogenating a portion of the 
produced condensable hydrocarbons with at least a portion of the produced hydrogen. 

290. The method of claim 254, wherein allowing the heat to transfer comprises 
25 increasing ^permeability of a majority of the selected section to greater than about 100 
millidarc\ 
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29 1 . Ttie method of Ha im \^ wriffrnn n i irviv i nr 111 c \\\ $ \ to transrer compnses 
substantially uniformly increasing a permeability of a majority of the selected section. 
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292. The method of claim 254, further comprising controTIirIg~th©Ja£<rt to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by theF^scher 

Assay. 
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293. The method of clajro-254, wherein producing the mixture comprises producing 
the mixture in a prodkfction well, and wherein at least about 7 heat screes are disposed in 
the formation for ^ach production well. 

294. The m^(hod of claim ;!54^fiorfher comprising proving heat from three or more 
heat sources /o at least a portion of the formation, wlWein three or more of the heat 
sources are located in the formation in a unit of h§m sources, and wherein the unit of heat 
sources comprises a triangqlar pattern. 



yj 



ru 

T 
O 



295. The metRMof claim 254, further comprising providing heat from three or more 
15 heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formatkm in a unit of heat sources, wherein the unit of heat 
sources comprises a triangula^attern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 

20 296. A method oi\£reating a hydrocarbon containing formation in situ, comprising: 
providingyKeat from one or more heat sources to at least a portion of the 
formation; 

allowing the heat to transfer from the one or more heat sources to a selected 
section of the formation; 
25 / maintaining a pressure within at least a majority of the selected section of the 
formation above 2.0 bar absolute; and 

producing a mixture from the formation, wherein the produced mixture comprises 
/condensable hydrocarbons having an API gravity higher than anAPLgravity of 

a mixture producible from the formation at the same 
30 temperature and at atmospheric pressure. 
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297 1 he method ot claim 296, wherein the one or more heat sources compr 
two heat sources, and wherein superposition of heat from at least the two heat souk 
pyrolyzes at least some hydrocarbons within the selected section of the formajitKi. 
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298. The method of claim 296, wherein controlling formation conditions comprises 
maintaining a temperature within the selected section within a pyrolysis temperature 
range. 

299. Tl/e method of clj^im 296, wherein the one or^ore heat sources comprise 
electrical/ heaters. 

300. Tftp method of /laim 296, wherein ^He one or more heat sources comprise surface 
burners. 

30 1 . The method of claim 296, ^herein the one or more heat sources comprise 
flameless distributed combustoc 

302. The method of clajm 296, wherein the one or more heat sources comprise natural 
distributed combustorsy 

303. The methocr of claim 296, further comprising controlling the pressure and a 
temperature witmn at least a majority of the selected section of the formation, wherein 
the pressure is/controlled as a function of temperature, or the temperature is controlled as 
a function at pressure. 

304. /The method of claim 296, further comprising controlling the heat such that an 
average heating rate of the selected section is less than about 1 °C per day during 
pypolysis. 
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505. The mglhod- of claim 296, wheieiu piuvidi ng heai irom the one or more heat 
sources to at least the portion of formation comprises: 
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Stealing a selected volume {V) or the hydrOcarbeftXQiitaining formation from the 
one or more heat sources, wherein the formation has an average heatcSpaoitv (C v ) ; and 
wherein the heating pyrolyzes at least some hydrocarbons within the selected vcHyme of 
the formation; and 

5 wherein heating energy/day provided to the volume is equal to or less lp£n Pwr, 

wherein Pwr is calculated by equation: 
Pwr =fh*V*C v *p B 

whe/ein Pwr is the Seating energy /day, h is an average he#fing rate of the 
formation, p B is formation bpH^ density, anjUtfnerein the heajing rate is less than about 10 
10 °C/day. 

306. The rhethod of cla/im 296, wherein allowjjfg the heat to transfer comprises 
transferring hek^ubstantially by conduction^ 

15 307. The method of claim 296, wherein providing heat from the one or more heat 

sources comprises heating the selected section such that a thermal conductivity of at least 
a portion of the selected section is/greater than about 0.5 W/(m °C). 

308. The method of clairn/296, wherein the produced mixture comprises condensable 
20 hydrocarbons having an KPl gravity of at least about 25°. 
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309. The methocrof claim 296, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0. 1 % by weight to about 1 5 % by weight of the 
condensable/hydrocarbons are olefins. 

310. /The method of claim 296, wherein the produced mixture comprises non- 
condeAsable hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight 

of the nrWrnndensahle hvriru*.,nlnmMire olefins 
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3 1 1 .^ ^Ihe-metftod ot claim 296, wherein the-frfoduc^d mixture comprises non- 
condensable hydrocarbons, and wherein a molar ratio of ethenetoelfrafte^jnhe non- 
condensable hydrocarbons ranges from about 0.001 to about 0.15. / 

312. The method of claim^9S7^herein the produced mixture comprise/condensable 
hydrocarbons, and whertin less thin about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocaipons is nitrogen. / 

313. The method off claim 296iwherein s the jroduc ed mixture comprises condensable 
hydrocarbons, and wherein less pan about 1 % by weigh*; when calculated on an atomic 
basis, of the condensable hydrocarbons is oxygen. / 

314. The method of claim 296, wherein th^produced mixture comprises condensable 
hydrocarbons, and wherein less than aboirt/f % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbon^is sulfur. 

315. The method of claim 29# wherein the produced mixture comprises condensable 
hydrocarbons, wherein about'} % by weight to about 30 % by weight of the condensable 
hydrocarbons comprise o/ygen containing compounds, and wherein the oxygen 
containing compound^comprise phenols. 

316. The metKod of claim 296, wherein the produced mixture comprises condensable 
hydrocarbon^ and wherein greater than about 20 % by weight of the condensable 
hydrocarbons are aromatic compounds. 

3 1 7 Y The method of claim 296, wherein the produced mixture comprises condensable 
hydrocarbons, and vrhrrnnjn rijh n n nb o nt 5 % hy w ri^h t n f t h o rin ndr n nrrh tr 
h^^rocaji^frs^omprises multi-ring aromatics with more than two rings. 
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j 1 5. The method of claim 296, wherein the produce3TTTrxt«i^comprises condensable 
hydrocarbons, and wherein less than about 0.3 % by weight of the condeifealjle 
hydrocarbons are asphaltenes. 



319. The method 
hydrocarbons, a^d wherein 
condensable hydrocarbons 



296, wherein the produced mixture comprises condensable 
about 5 %\by weight to about 30 % by weight of the 
are cy\Hoalkanes. 
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320. Thj£ method of claim 296, wherfeiajlieprodttced mixture comprises a/rfon- 
condensal le component, wherein the non-condensable component composes hydrogen, 
wherein tl^ hydrogen is greater than about 10 % by volume of the,rfon-condensable 
component\and wherein^ne hydrogen is less than about 80 ^oy volume of the non- 
condensable compoafnt. 

321. The method of claim 296, wherein the^oduced mixture comprises ammonia, and 
wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 

322. The method of claim 296< / wherein the produced mixture comprises ammonia, and 
wherein the ammonia is useieTto produce fertilizer. 

323. The method^r claim 296, further comprising controlling formation conditions to 
produce a mixture of condensable hydrocarbons and H2, wherein a partial pressure of H2 
within the mixture is greater than about 0.5 bar. 
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324. /The method of claim 296, wherein the partial pressure of H 2 is measured when the 
mixturV is at a production well. 



325. The method of claim 296, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than about 25. 



320 



Conle>\ Rose & Tayon. P C. 



326. The metho d, pf rlaim ?Q6 vy frerein contr olling formation conditions comprises 
recirculating a portion of hydrogen from the mixture intoTR^ibmigtion. 



327. The method of claim 296, further comprising: 

providing>ydTOgeir(^l2) to the heated section to hydrogenate hydrocarbons 
within the ^tftion; and 

afeating a portiom/of the section with heat from hydrogenation. 



325: The method of/clainb^96, wherey>tffe produced mixture cxfmprises hydrogen and 
cdhdensable hydrocapons, the method further comprising hyarogenating a portion of the 
prpduced condensable hydrocarbons with at least a poption of the produced hydrogen. 

329. ^-T Jie m atnod of claim 296, wherein aJMwing the heat to transfer comprises 
increasing a permeability of a majorit^m the selected section to greater than about 100 
millidarcy. 

330. The method of dtfim 296, wherein allowing the heat to transfer comprises 
substantially uniforafly increasing a permeability of a majority of the selected section. 

33 1 . The/method of claim 296, further comprising controlling the heat to yield greater 
than atoemt 60 % by weight of condensable hydrocarbons, as measured by the Fischer 
Ass^y. 

332. The method of claim 296, wherein producing the mixture comprises producing 
the mixture in a production well, and wherein at least about 7 heat sources are disposed in 
the formation for each production well. 



333. The method of claim 296, further comprising providing heat from three or more 
hent^oTtrt^^ tn it lnnrt i pnrtinn nf the fnrmqfjnn t wherein three or mo re of the heat 
sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 
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heat sources to at least a portion of the formation, wherein three or more\)f the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a trianguiaiinattern, and wherein a plurality of the/units are repeated 
over an area of the fc^rmation tq/form a repetitive pattern of units/ 

i / 

335. A method of treating k hy& Qcarbq pxontaining formation in situ, comprising: 

providing heat frorr/one or more heat sources J# at least a portion of the 
formation; 

allowing the k6at to transfer from the oyfe or mote heat sources to a selected 
section of the formation; / 

maintaining a pressure within at Jeast a majority of the selected section of the 
formation to above 2.0 bar absolute; imd 

producing a fluid from the/formation, wherein condensable hydrocarbons within 
the fluid comprise an atomic hydrogen to atomic carbon ratio of greater than about 1 .75. 

336. The method of clzum 335, wherein the one or more heat sources comprise at least 
two heat sources, andywherein superposition of heat from at least the two heat sources 
pyrolyzes at least spme hydrocarbons within the selected section of the formation. 

337. The method of claim 335, wherein controlling formation conditions comprises 
maintaining a temperature within the selected section within a pyrolysis temperature 
range. / 

33Jr The method of claim 335, wherein the one or more heat_s£UJ^es^omprise 
electrical heaters. ^ — ■ — ' 

339. The method of claim 335, wherein the one or more heat sources comprise surface 
burners. 
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340. The method of claim 335, wherein the one or more heat sources comprise 
flameless distributed combustors. 

341 . The method of claim 335, wherein the one or more heat source/comprise natural 
distributed combustors. 
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342. The Method of 
temperatun6 within at leftst a majo 
the pressure is controll 
a function of pressure. 



aim jiX furthep^omprising controlling the pressure and a 

of the selected section of the formation, wherein 
nction of temperature/or the temperature is controlled as 



343. Ihe method oflclaim 335, further coinprising controlling the heat such that an 
average tteating rate pf the selected section is less than about 1 °C per day during 
pyrolysis. 

344. The method of claim 3 3 wherein providing heat from the one or more heat 
sources to at least the portioryof formation comprises: 

heating a selected yolume (F) of the hydrocarbon containing formation from the 
one or more heat sources, wherein the formation has an average heat capacity (C v ), and 
wherein the heating^pyrolyzes at least some hydrocarbons within the selected volume of 
the formation; an 

whereof heating energy/day provided to the volume is equal to or less than Pwr, 
wherein Pwr is calculated by the equation: 
P*r = h*V*C v *p B 

/wherein Pwr is the heating energy/day, h is an average heating rate of the 
formation, p B is formation bulk density, and wherein the heating rate is less than about 10 

2/ da v. 
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345. The method of claim 335, wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. 
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J>$& — THTmethod of claim 335, whereTTTpTovidiaaiieat from the one or more heat 
sources comprises heating the selected section such that a therma^eaductivity of at least 
a portion of the selected section is greater than about 0.5 W/(m °C). 

347. The method of claim 335, wherein the produced mixture comprises p6ndensable 
hydrocarbons havifig an APrgravity of at least about 25°. 



'clalrn 



348. Th£ method of 
hydrocarbons, and whereii 
condensable hydrocarbon; 



3 3 5, Wherein the produced mixture comprises condensable 
about 0. 1 % by weight to about 1 yvo by weight of the 
:e olefins. 



349. The method of claim 335, wherein the prodded mixture comprises non- 
condensable hydrocarbons, and wherein about 0(1 % by weight to about 15 % by weight 
of the^ non-condensabl^ hydrocarbons are olefins. 

350. Tnfesnethdci of claim 335, wherein the produced mixture comprises non- 
condensable hydrocarbons, and vynerein a molar ratio of ethene to ethane in the non- 
condensable hydrocarbons ranges from about 0.001 to about 0.15. 

351. The method of claim 335, wherein the produced mixture comprises condensable 
hydrocarbons, and werein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 

352. The method of claim 335, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basi$. of the condensable hydrocarbons is oxygen. 



'353. The method of claim 335, whereiDJ±Le-predtteoi'Tffi condensable 
hvdrocarbon^aftdn^Rerein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. 
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354. The method of claim 335. wherein the produced mixture comprises condensable 
TiyarocarbOrtS, wherein abbtil 5 % by weight Lu about 30 % by^^ighUiLthe condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compoimds^ 

355. The metKod of claim 335, wherein the produced mixture comprise^ondensable 



hydrocarbon/ and wherein greater A|an 
hydrocarbons are aromatic compoui 



bout 20 % by weight of the condensable 



hydrocarb 



56. The method of claim 335,/wherein the producecLmixture comprises condensable 



>ns, and wherein less/than about 5 % by weight of the condensable 



hydrocarbons comprises muM-ring aromatics wr(h more than two rings. 

357. The method of claim 335, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less th^n about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. 

358. The method of claim 335, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons are cycloalkanes. 

359. The method of claim 335, wherein the produced mixture comprises a non- 
condensable component, wherein the non-condensable component comprises hydrogen, 
wherein the hydrogen is greater than about 10 % by volume of the non-condensable 
component, and wherein the hydrogen is less than about 80 % by volume of the non- 
condensable component. 



360. The mgllnid-efxtaii^^ the produced mixture comprises ammonia, and 

wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 
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36L — Thf method n f Hm rn 1 3^ wherein the produced mixture comprises ammonia, and 
wherein the ammonia is used to produce fertilizer. 

362. The method of claim IS^TTi^ftK&Kcomprising controlling formation conditions to, 
produce a mixture of cof^ensable hydrocarbons and H2, wherein a partial pressure 9FH2 
within the mixture is greater than about 0.5 bar. 

363. The method of claim 335, w$prein the partial pressure of H2 is pleasured when the 
mixture is A a production well. 



364. Tjhe method of claim 335, further comprising altering the pressure within the 
formatioh to inhibit production of hydrocarbons from tj*e formation having carbon 
numbers greater than about^S. 

365. The method of claim 335, wherein enrolling formation conditions comprises 
recirculating a portion of hydrogen fronnhe mixture into the formation. 

366. The method of claim 31z, further comprising: 
providing hydrogen 0±2) to the heated section to hydrogenate hydrocarbons 

within the section; and 

heating a portion of the section with heat from hydrogenation. 



367. The method of claim 335, wherein the produced mixture comprises hydrogen and 
condensable hydrocarbons, the method further comprising hydrogenating a portion of the 
producer condensable hydrocarbons with at least a portion of the produced hydrogen. 



The method of claim 335 £ jaii£i£i n allowing the heat t o - transfe r comprises 
increasing ajjefmeSSihty 0 f a majority of the selected section to greater than about 100 
ticlarcv. 
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substantially uniformly increasing a permeability of a majority of the selectecT^tion. 

370. The method of claim 335, further comprising controlling the heat to yiekLgreater 
than about 60 % by weight of condensable hydrocarbons, as measured by the^Fischer 
Assay. j< ^\ / 

371. Tne method of claim 335, Lherein producing the mixtur^omprises producing 
the mixture in a production well, and wherein at least about 7/iieat sources are disposed in 
the formation for eacn production well. / 

372. \ The method of claim 335, further comprisn*g providing heat from three or more 
heat s<Wces to arc least a portion of the formation, wherein three or more of the heat 
sources arelocated in the formation in a unirof heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. / 

373. The method of claim 335yfurther comprising providing heat from three or more 
heat sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, wherein the unit of heat 
sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 

374. A me^nod of treating a hydrocarbon containing formation in situ, comprising: 
pn^viding heat from one or more heat sources to at least a portion of the 

formation; 

/ allowing the heat to transfer from the one or more heat sources to a selected 
section of the formation; 

maintaining a pressure within a* \™* \ a majority nf thr* - <;tf 4f*rt^^ of the 
formarion to above z.O bar absolute; and 

producing a mixture from the formation, wherein the produced mixture comprises 
a higher amount of non-condensable components as compared to non-condensable 
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^-c omponents producible from the forme 
atmospheric pressure. 



the same temperature conditions and at 



10 



375. The method of claim 374, wherein the one or more heat sources comprise at least 
two heat sources, and wherein superposition of heat from at least the two heat sources 
pyrolyzes at least son^4ty3ro£arbons within the selected section oi^the formation. 

376. The merhod of claim fe 7 4, wherein controlling formation conditions comprises 



maintaining/a temperature wit; 
range. 



in the selected section wlmin a pyrolysis temperature 



he method of clain/ 374, wherein the/5ne or more heat sources comprise 
1 heaters. 



15 378. Th\method qj^claim 374, vyfterein the one or more heat sources comprise surface 
burners. 



20 



379. The method of claim 374, wherein the one or more heat sources comprise 
flameless distributed combustors. 

380. The metnod of claim 374, wherein the one or more heat sources comprise natural 
distributed cgfmbustors. 



38 1 . /The method of claim 374, further comprising controlling the pressure and a 
25 temperature within at least a majority of the selected section of the formation, wherein 

the pressure is controlled as a function of temperature, or the temperature is controlled as 
function of pressure. 



382. _Ehe-m€tEod of claim 374, further comprising controlling the heat such that an 
30 average heating rate of the selected section is less than about 1 °C per day during 
pyrolysis. 
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383. The m^thnH nf ^laim 174 whprpjp providing heat from the one or more heat 
sources to at least the portion of formation comprises: 

heating a selected volume (V) of the hydrocarbon containing formatibRfrom the 
one or more heat sources, wherein the formation has an average heat capacity (CV). and 
wherein the heating pyrolyzes at least some hydrocarbons within the selecte^volume of 
the formation; and 

wherein hating energ^/dW provided to the volume is equal tj/or less than Pwr, 
wherein Pwr ^calculated by tFfe equation: 
Pwr/= h*V*C v *p B \ 

whferein Pwr is the heating ehqrgy/day, h is an av^fage heating rate of the 



formation 
°C/dav. 



p B is formation bulk 



ensity, andwherein Jme heating rate is less than about 10 



384. The method of claimyS74, wherein/allowing the heat to transfer comprises 
transferringNieat substantially by conduction. 

385. The method of claim 374; wherein providing heat from the one or more heat 
sources comprises heating thpselected section such that a thermal conductivity of at least 
a portion of the selected section is greater than about 0.5 W/(m °C). 

386. The method jof claim 374, wherein the produced mixture comprises condensable 
hydrocarbons haying an API gravity of at least about 25°. 

387. The/method of claim 374, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight of the 
conde/fsable hvdrocarbons are olefins. 



j #8. The method of claim 374, where^he^rt53uced mixture comprises non- 
cbndensable hydrocarbojis^aiid^herein about 0.1 % by weight to about 15 % by weight 
of the-ften*cT5n3ensable hvdrocarbons are olefins. 
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— ¥ hc iiiclhud of claim 3 24^wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein a molar TatiTTof^thene to ethane in the non- 
condensable hydrocarbons ranges from about 0.001 to about 0.15. 



390. The method of claim 374, wherein the produced mixture comprises condensable 
hydrocarbons, and wh^pdnles^than about 1 % by weight, when calculated pnan atomic 
basis, of the condensable hydrocarbons is nitrogen. 



3 



10 



39 1 . The method of claim 



basis, of the condensable hy< 



wherein the produced mixturexomprises condensable 



hydrocarbons, and wherein less thanabott^4-%-by weightyfvhen calculated on an atomic 



rocarbons is oxygen. 



392. ThA method of claim 374, wherein the tatfoduced mixture comprises condensable 
15 hydrocarbon^and whej^in less than about/ % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbonsis sulfur. 



20 



393. The method of claim 374y(vherein the produced mixture comprises condensable 
hydrocarbons, wherein about y% by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. 



25 



394. The methocKof claim 374, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 % by weight of the condensable 
hydrocarbon/ are aromatic compounds. 



395./ The method of claim 374, wher^ijiJhe-pFedtrced mixture comprises condensable 

fdrocarbons jnd-vvltereTn less than about 5 % by weight of the condensable 
hydrScarbons comprises multi-ring aromatics with more than two rings. 
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^ 1Q6^ ^ftff»-m-MhnH ntrlflim < /4 wherein rhe puwlm nl miwli||ff Comprise rond^nsflhh 

hydrocarbons, and wherein less than about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes, 

397. The method of claim 374, wherein the produced mixture comprises^ondensable 
hydrocarbons, and whpFenraljput 5 % by weight to about 30 % by weignt of the 
condensable hydrocarbons are cYcloalkanes. 

398. The method of claim 374, wherein the produced mixt^e comprises a non- 
condensable? component, whetein the non-condensable component comprises hydrogen, 
wherein the hydrogen is greaterHhan about 10 % by vohime of the non-condensable 
component, and wherein /he hydrogteq^s less than a^out 80 % by volume of the non- 
condensa Die component/ 

399. THe method of claim 374, wherein tfee produced mixture comprises ammonia, and 
wherein greater than/about 0.05 % by weight of the produced mixture is ammonia. 

400. The method of claim 374, wherein the produced mixture comprises ammonia, and 
wherein the ammonia is used tO/produce fertilizer. 

401 . The method of claim 374, further comprising controlling formation conditions to 
produce a mixture of condensable hydrocarbons and H2, wherein a partial pressure of H 2 
within the mixture ys greater than about 0.5 bar. 



25 402. The method of claim 374, wherein the partial pressure of H2 is measured when the 
mixture is/at a production well. 



403/ The method of claim 374, further comprising altering the pressure within the 

)rmation to inhibit production ufli wlm^jjjjuii 1 ' fmin llu niiiil.lliini kiunin .ulmn 
numbers greatej^han-abouf^. 
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403*: — The meillOd ot claim 3/4, further compnsingr 

providing hydrogen (H2) to the heated section to hydrogenate hydrocarbons 
within the section; and 

heating a portion of the section with heat from hydrogenation. 
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405. The method'of claim 374, wherein the produced mixture comprises hydrogen and 
condensable hyflrocarboXs, the method further comprisjffg hydrogenating a portion of the 
produced co/densable hyotocarbons with at least a Efortion of the produced hydrogen. 



406. TThe method of c 
increasing a permeability 
fey. 



laim 



millida 




01 



j wherein amnying the heat to transfer comprises 
a majority^ the selected section to greater than about 100 



407. The method < 
substantia 



m 374, wherein allowing the heat to transfer comprises 
ncreasing a permeability of a majority of the selected section. 



408. The method of Aaim 374, further comprising controlling the heat to yield greater 
than about 60 % by >veight of condensable hydrocarbons, as measured by the Fischer 
Assay. 

409. The method of claim 374, wherein producing the mixture comprises producing 
the mixture/in a production well, and wherein at least about 7 heat sources are disposed in 
the formation for each production well. 



25 410. / The method of claim 374, further comprising providing heat from three or more 
hear sources to at least a portion of the formation, wherein three or more of the heat 
sources are located in the formation in a unit of heat sources, and wherein the unit of heat 
/sources comprises a triangular pattern. 



J 



411. The method of claim 17 1 furth e r rom priiinr, j i m > i i linr l i n il f i n m ihiVr or mnfr 
sources to at least a portion of the formation, wherein three or more of the heat 
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sources are loca TEil in t he f o rmation in d lillil of heat sources, Wherein the uniLdf heat 
sources comprises a triangular pattern, and wherein a plurality of the unit^are repeated 
over an area of the formation to form a repetitive pattern of units. 



412. A method of treating a hydrocarbon containing formation in situ, comprising: 

providing heat from one or more heat sources to aj/feast a portion of the 
formatior 

'allowing )he heat to transfer fromythe onejtff more heat sources to a selected 
section of the formation such that superiSnpo^ci heat from the one or more heat sources 
pyrf 
the 




lyzes at least al 
formation; and 

producing a nhixture from tHe formation. 



ight hydrocarbons within the selected section of 



413. \ The method />f claim /l2, wherein the one or more heat sources comprise at least 
two hear^ources^nd wherein superposition of heat from at least the two heat sources 
pyrolyzes at least some tfydrocarbons within the selected section of the formation. 



414. The methodrof claim 412, wherein controlling formation conditions comprises 
maintaining a temperature within the selected section within a pyrolysis temperature 
range. 

415. Thor method of claim 412, wherein the one or more heat sources comprise 
electricalmeaters. 

416. /The method of claim 412, wherein the one or more heat sources comprise surface 
burners. 



4/7. The method oLdai»-4t27Wherein the one or more heat sources comprise 
less distributed combustors. 
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lod ot claim 412, wherein the one or more heai sources compiisu naiiiLal 
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distributed combustors. 

419. The method of claim 412, further comprising controlling a pressing and a 
temperature within at least a majority of the selected section of the formation, wherein 
the pressure is controlled as a function of temperature, or the temperature is controlled as 
a function of pressure. 



420. The 
average h 
pyrolysis 




412, further comprising controlling the heat such that an 
ected section is less than about 1 °C per day during 



421. Tl\e method of clain 412, wherein providing heat from the one or more heat 
sources to Vt least the portijbn of formation comprises: 

heathjg a selected Volume {V)Af the hydrocarbon containing formation from the 
one or more helh^ourc?£, wherein/rfie formation has an average heat capacity (C v ), and 
wherein the heating pyrolyzes ^/least some hydrocarbons within the selected volume of 
the formation; and 

wherein heating enefgy/day provided to the volume is equal to or less than Pwr s 
wherein Pwr is calculated^ by the equation: 
Put = h*V*C v fp B 

wherein Pwrh the heating energy/day, h is an average heating rate of the 
formation. p B is fo^riation bulk density, and wherein the heating rate is less than about 10 
°C/day. 

422. The method of claim 412, wherein allowing the heat to transfer comprises 
transferring/neat substantially by conduction. 



423. /The method of claim 412, wherein providing heat fro m the one^ mereTieat 
30 sour^s comprises heatingjiie-selec^ that a thermal conductivity of at 

leas^a-eortfonof the selected section is greater than about 0.5 W/(m °C). 
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-434 — -fhe-mettod ot claim 4 iz 9 wherein the produced mixture comprises condensabL? 
hydrocarbons having an API gravity of at least about 25°. / 

425. The method of claim 412, wherein the produced mixture comprises condensable 
hydrocarbons, and wherei^-ahjnit 0. 1 % by weight to about 15 % by wej^ht of the 
condensable hydrocarixms are olefins. / 

426. The meffiod of clainml2, wherein the produced mixture comprises non- 
condensable hydrocarbons, cird wherein about 0.1 % by weight to about 15 % by weight 
of the non-aondensable hydr ^carbons are olefins. // 

427. THe method of claim 412, where in the ^Jmduced mixture comprises non- 
condensaple hydrocarbons, and wherein a mo krr ratio of ethene to ethane in the non- 
condensafcle hydrocarbons ranges from abom 0.001 to about 0.15. 

428. The method ofclaim 412, whefein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrooarbons is nitrogen. 

429. The method of clai^n 412, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condens^ole hydrocarbons is oxygen. 

430. The metnod of claim 412, wherein the produced mixture comprises condensable 
hydrocarbons; and wherein less than about 1 % by weight, when calculated on an atomic 
basis, of the condensable hydrocarbons is sulfur. 

431. / The method of claim 412, wherein the produced mixture comprises condensable 
hydrocarbons, \vhergixi~^^ weight to about 30 % by weight of the condensable 
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hydrocarbon§j^ mprise oxygen containing 
containing compounds comprise phenols. 



rounds, and wherein the oxygen 



432. The method of claim 412, wherein the produced mixture comprises jrondensable 
hydrocarbons, and wherein greater than about 20 % by weight of the cprfdensable 
hydrocarbons are aromatic compounds. 
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433/ The method of claim 412, wherein the produced mature comprises condensable 
hydrocarbons, an^ wherein less than abojax 5 % by weignt of the condensable 
£drocarbons combftses multi-rioR^^romatics with jnore than 



434. The methoc 
lvdrocarbons. and 



two rings. 



of claim 412, wherein the^produced mixture comprises condensable 
wherein less than abou^i).3 % by weight of the condensable 



hydrocarbons are asphaltenes. 




435. ^^Ctien^mod of claim 41 2/wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of the 
condensable hydrocarbons ztz cycloalkanes. 
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436. The method o^claim 412, wherein the produced mixture comprises a non- 
condensable component, wherein the non-condensable component comprises hydrogen, 
wherein the hydrogen is greater than about 10 % by volume of the non-condensable 
component, and wherein the hydrogen is less than about 80 % by volume of the non- 
condensable component. 

437. / The method of claim 412, wherein the produced mixture comprises ammonia, and 
wherein greater than about 0.05 % by weight of the produced mixture is ammonia. 



30 



138. The method of claim 412, wherein the produced mixture comprises ammogia, and 
wfer ci^i the uimuuuia Is use d to produce fertilizer. 
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439. The method of claim 412, further comprising controlling a pressure wjtffin at least 
a majority of the selected section of the formation, wherein the controlled 1 " 655111 " 6 is at 
least about 2.0 bar absolute. 
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440. The rnetfiodc^laim 412, further comprising controlling formation conditions to 
produce a /fiixture of condensable hydrocarbons ancLFh, wherein a partial pressure of H2 



within the mixture is 



44 1 . (The method of clkim 
mixtureUs at a productioi 1 



iter than abou>6C5 bar.. 



412, wher^kf the partial pressure of H2 is measured when the 
well. 



442. ThV method of alaim 412, further comprising altering a pressure within the 
formation to miiibitj^dimion of hydrocarbons from the formation having carbon 
numbers greater than about 25. 

443. The methoa of claim 412, wherein controlling formation conditions comprises 
recirculating a portion of hydrogen from the mixture into the formation. 

444. The/method of claim 4 1 2, further comprising: 

providing hydrogen (H2) to the heated section to hydrogenate hydrocarbons 
within me section; and 

heating a portion of the section with heat from hydrogenation. 



44£. The method of claim 412, wherein the produced mixture comprises hydrogen and 
25 qbndensable hydrocarbons, the method further comprising hydrogenating a portion of the 
produced condensable hydrocarbons with at least a portion of the produced hydrogen. 



30 



446. The method of claim 4 1 2,whei£in^u wiiig the h e at to tia n sfcr compri3C3 

increasing aj)£n»eamfityof a majority of the selected section to greater than about 100 
ficIarcY. 
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-44i — The method o f claim 412. whticin allowi n g The he at to tran sfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 



10 



448. The method of claim 412, further comprising controlling the heat to yi^fd greater 
than about 60 % by w^ffht of condensable hydrocarbons, as measured by ^>ne Fischer 
Assay. 

449. The /nethod of claim 412, wjheteii^jproducin^^ nixtur^ comprises producing 
the mixturrf in a production well. arJd wherein at least about ^4ieat sources are disposed in 
the formaiion for each production well. 
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450. T|he method of claim 4 1 2, /further comprising providing heat from three or more 
heat sources to at least a portion/of the formation/wherein three or more of the heat 
sources ark located in the formation in a unit gx heat sources, and wherein the unit of heat 
sources comprises a trianguj&r pattern. 



F3 i 



45 1 . The method of claim 412, further comprising providing heat from three or more 
heat sources to at least a portion ojfthe formation, wherein three or more of the heat 
sources are located in the formanon in a unit of heat sources, wherein the unit of heat 

20 sources comprises a triangular pattern, and wherein a plurality of the units are repeated 
over an area of the formation to form a repetitive pattern of units. 

452. A method of treating a hydrocarbon containing formation in situ, comprising: 
providing h/at from one or more heat sources to at least a portion of the 

25 formation; 

allowing the heat to transfer from the one or more heat sources to a selected 
section of the formation such that superimposed heat from the one or more heat sources 
pyrolyzes^t least about 20 % of hydrocarbons within the selected section of the 
formation; and 

producing a mixture fro m the fnrmati^p,, w -herein the m ixture comprises a 
condensable component having an API gravity of at least about 25 c 
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+£i — Ihe- md l iud T rt 1 claim 432, wherein the one or more heal sum ' ces c omprise^: least 
two heat sources, and wherein superposition of heat from at least the two heat smirces 
pyrolyzes at least some hydrocarbons within the selected section of the formation. 



454. The method of claim 452, wherein controlling formation conditions comprises 
maintaining a temperature within the selected section within a ^rolysis temperature 
range. 



455. Ttfe method of clai\tt452, wherein tjje^one or /nore heat sources comprise 
10 electrical heaters. 

456. the method of clai/n 452, wherein throne or more heat sources comprise surface 
burners. 

457. The method o^laim 452, wh^ein the one or more heat sources comprise 
flameless distributed combustors. 



20 



25 



458. The method of claim 4/2, wherein the one or more heat sources comprise natural 
distributed combustors. 

459. The method of claim 452, further comprising controlling a pressure and a 
temperature within at reast a majority of the selected section of the formation, wherein 
the pressure is controlled as a function of temperature, or the temperature is controlled as 
a function of pressure. 

460. The method of claim 452, further comprising controlling the heat such that an 
average hea/ng rate of the selected section is less than about 1 °C per day during 
pyrolysis.y 



30 46 1 . /The method of claim 452, wherein providing heat from the one or more heat 



sourcesHo-aLieasWhe-poiLiuu of foiination comprises: 
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heating a selected volume {V) or theirydreeathaa-Con^ning formation from the 
one or more heat sources, wherein the formation has an average heatcapactty^C v ), and 
wherein the heating pyroly^es-at^east some hydrocarbons within the selected y<flume of 
the formation; and 

wherein heating energy/day provided to the volume is equal yfox less than Pwr, 
wherein Pwr is/alculated by thp equation: 
Pwr Jh*V*C v *p B 

whe/ein Pwr is the heatiji^nergy/day, h is an average heating rate of the 
formation/p 5 is formation bulk (lensitj^and wherein tp£ heating rate is less than about 1 0 

°C/day. 
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462. The method of claim A52, wherein allowing the heat to transfer comprises 
transferring heat substantially by conduction. 

463. The method of claim 452, /wherein providing heat from the one or more heat 
sources comprises heating the ^elected section such that a thermal conductivity of at least 
a portion of the selected section is greater than about 0.5 W/(m °C). 



464. The method pff claim 452, wherein the produced mixture comprises condensable 
20 hvdrocarbons, anef wherein about 0.1 % by weight to about 15 % by weight of the 
condensable hydrocarbons are olefins. 



25 



465. Tpe method of claim 452. wherein the produced mixture comprises non- 
condensable hydrocarbons, and wherein about 0.1 % by weight to about 15 % by weight 
of th/ non-condensable hydrocarbons are olefins. 



466. The method of claim 452, wherein the produced mixture comprises non- 



Condensable hydrocarboriSr^ft^wherein a molar ratio of ethene to ethane in the non- 
coiKmn5a5lehydrocarbons ranges from about 0.001 to about 0.15. 
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467. The method of claim 452, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calcul^ied on an atomic 
basis, of the condensable hydrocarbons is nitrogen. 

468. The method of claim 452, wherein the produced mixttfre comprises condensable 
hydrocarbonsjand wherein less than abqut 1 % by weight/when calculated on an atomic 



basis, of the aondensable hydrocarbons is oxygen. 



469. The method of claim 452, wherein the pnzfauced mixture comprises condensable 



hydrocarbon 



and wherein less man about 1 % by weight, when calculated on an atomic 



basis, of the ccmdensable hydrocarbons is^ulfur. 

470. The method of claim 452, wnerein the produced mixture comprises condensable 
hydrocarbons, wherein about 5 by weight to about 30 % by weight of the condensable 
hydrocarbons comprise oxygen containing compounds, and wherein the oxygen 
containing compounds con^prise phenols. 

471. The method ofi^claim 452, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein greater than about 20 % by weight of the condensable 
hydrocarbons are/aromatic compounds. 

472. The method of claim 452, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 5 % by weight of the condensable 
hydrocarbons comprises multi-ring aromatics with more than two rings. 



473. / The method of claim 452, wherein the produced mixture^cpj^'rises condensable 
hydrotraFbensrSnH'^toein less than about 0.3 % by weight of the condensable 
hydrocarbons are asphaltenes. 
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474 TV>n ™ntV>nH nf Mnir 



led mixtu re comprises condensable 
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hydrocarbons, and wherein about 5 % by weight to about 30 % by weightoFTF 
condensable hydrocarbons are cycloalkanes. 

475. The method of c laijn-45L2 J wherein the produced mixture comprises a noj; 
condensable compon^rft, wherein tft^ non-condensable component compris^s^hydrogen, 
wherein the hydrogen is greitfer than about 10 % by volume of the non-#6ndensable 
component, an^wherein the Wdrogen is less than about 80 % by vplume of the non- 
condensable Component. 



476. Th« 
wherein 



method of claim #52, wherein the produce$J / mixture comprises ammonia, and 
than about 0.05 % by weight of the'produced mixture is ammonia. 



greater 



477. The method of clanm 452, wherein tHe produced mixture comprises ammonia, and 
wherein the\ammonia is used to produc^lertilizer. 

478. The method of claim 452/ further comprising controlling a pressure within at least 
a majority of the selected section of the formation, wherein the controlled pressure is at 
least about 2.0 bar absolu^ 

479. The method/of claim 452, further comprising controlling formation conditions to 
produce a mixture of condensable hydrocarbons and H2, wherein a partial pressure of H2 
within the mixture is greater than about 0.5 bar. 



25 480. /he method of claim 452, wherein the partial pressure of H2 is measured when the 
mixture is at a production well. 



30 



! 1 . The method of claim 452, further compri sifle-aUcium a pi unsure within the 
lati^nJj^if^^ of hydrocarbons from the formation having carbon 

numbers greater than about 25. 
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4Si — Tin mi l liml nfrhini I 'P nl i r i rin rontrnl l ing f o rmat'op rnnHitjnng comprises 
recirculating a portion of hydrogen from the mixture into the formation. 

483. The method of claim 452, further comprising: 

providing hydrogenj£Le)-tQ^the heated section to hydrogenate hydrocarbons 
within the section; 

heating a portion of theteectioh with heat from hydrogenarfon. 
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484. The method of claim 452 



condensabl 



produced condensable hydrocarl 



therein the produced^mixture comprises hydrogen and 



hydrocarbons, the nLethod^fiaithei^<™prising hydrogenating a portion of the 



ons with at least a portion of the produced hydrogen. 



485. The method of claim 4p2, wherein alloyving the heat to transfer comprises 
increasing a permeability of/ majority of tlje selected section to greater than about 100 
millidarcy. 

486. The method of claim 452, wherein allowing the heat to transfer comprises 
substantially uniformly increasing a permeability of a majority of the selected section. 



20 487. The method of clain?f 452, further comprising controlling the heat to yield greater 
than about 60 % by weight of condensable hydrocarbons, as measured by the Fischer 
Assay. 

488. The metlWa of claim 452, wherein producing the mixture comprises producing 
25 the mixture in/ production well, and wherein at least about 7 heat sources are disposed in 
the formaticm for each production well. 
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489. /The method of claim 452, further comprising providing heat from three or more 
hear sources to at least a portion of the formation, wherein three or more ofthejiga 
sources are located iniheJofittatron in a unit of heat sources, and wherein the unit of heat 
sources comprises a triangular pattern. 
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2^90: — Themethod ot claim 452, further comprising providing heat from tluco ui mate 
heat sources to at least a portion of the formation, wherein three or more of the h^at 
sources are located in the formation in a unit of heat sources, wherein the umt of heat 
sources compn^e^a tribngulahpattern, and wherein a plurality of th^tmits are repeated 
over an area'of the formation to form a repetitive pattern of units/ 
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491 . / A method of tre^tnjg a layer of a hydrocarbon containing formation in situ, 
comprising: 

10 providing heat from one or more heat so*frces to at least a portion of the layer, 

wherein the one or more heat sources are positioned proximate an edge of the layer; 

allowing the neat to transfer fron/the one or more heat sources to a selected 
section of the layej/such that superimposed heat from the one or more heat sources 
pyrolyfces at le^f some hydrocarbons within the selected section of the formation; and 
15 producing a mixture fr/6m the formation. 

492. The method of otaim 491 , wherein the one or more heat sources are laterally 
spaced from a centen/of the layer. 

20 493. The method of claim 491, wherein the one or more heat sources are positioned in 
a staggered Line. 



494. yf he method of claim 491 , wherein the one or more heat sources positioned 
proximate the edge of the layer can increase an amount of hydrocarbons produced per 
unit of energy input to the one or more heat sources. 



495. The method Of Claim 4Q1 u \yfrprpin thp nnp nr mnrp hpnt crmrrpr pp^ fhrmeH 

JXTmate the edge of the layer can increase the volume of formation undergoing 
pyrolysis per unit of energy input to the one or more heat sources. 
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ot claim 4V1, wherein the one or more heat sources comprise 



electrical heaters. 



497. The method of cU 
burners. 



lerein the one or more heat sources comprise surface 



498. The method of claim 491f\yherein the one orjnpfe heat sources comprise 
flameless dis/ributed combustors. 



m 



10 499. The method of claim fr9l, wherein tlje one or more heat sources comprise natural 
distributed combustors. 

500. The n^thod of jtfaim 491 , fijfther comprising controlling a pressure and a 
temperature within at least a majority of the selected section of the formation, wherein 

15 the pressure is controlled as ayfunction of temperature, or the temperature is controlled as 
a function of pressure. 

501. The method of claim 49 1 , further comprising controlling the heat such that an 
average heating raje of the selected section is less than about 1.0 0 C per day during 

20 pyrolysis. 



502. Tho4nethod of claim 49 1, wherein providing heat from the one or more heat 
sources to at least the portion of the layer comprises: 

'heating a selected volume (V) of the hydrocarbon containing formation from the 
25 one fix more heat sources, wherein the formation has an average heat capacity (C v ), and 
wherein the heating pyrolyzes at least some hydrocarbons within the selected volume of 
thje formation; and 

whereiaJieatm^nefg^ provided to the volume is equal to or less than Pwn 
wherein Pwr is calculated by the equation: 
Pwr = h*V*C v *p B 
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wherein Pwr is the heating energy/day, h is an avefagTtrcategjate^of the 
formation, p B is formation bulk density, and wherein the heating rate is less than lit 
°C/day. 



503. The method of claim 491 , wherein providing heat from the one orjrtore heat 
sources comprises heatingythe selected section such that a thermal^perfiductivity of at least 
a portiofi of the selected s&tion is greater thanabdut 0.5 W/^jrf^C). 



tesf 
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50tf. The method of claim 491 , wherein the prod#£ed mixture comprises condensable 
10 hydrocarbons having an API gravity of at leasj/^bout 25°. 

5(15. The method at claim 491, v/hevcm the produced mixture comprises condensable 
hydrocarbons, and/wherein about OA % by weight to about 15 % by weight of the 
condensahkJ^farocarbons are tfffefins. 

15 

506. The method of claim 491 , wherein the produced mixture comprises non- 
condensable hydrocaroons, and wherein a molar ratio of ethene to ethane in the non- 
condensable hydr^rcarbons ranges from about 0.001 to about 0.15. 

20 507. The>method of claim 491, wherein the produced mixture comprises condensable 
hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
basis, m the condensable hydrocarbons is nitrogen. 



r>US. The method of claim 491, wherein the produced mixture comprises condensable 
25 hydrocarbons, and wherein less than about 1 % by weight, when calculated on an atomic 
f basis, of the condensable hydrocarbons is oxygen. 



30 



509. The method of claim 491, wherein the produced mixturejX2mprises condensable 
hydrocarbons, and wherein lessjhafi-abOTTT%^yweight, when calculated on an atomic 
stsrefthe~condensable hydrocarbons is sulfur. 
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510. The metho d rl? im »-h orfll ' n tV t r k p^riunn^ mivtur 1 ^mpnV^ ^^nsahj f* 
hydrocarbons, wherein about^^BSNyeight to about 30 % by weight of the condensable 
hydrocarbons compri^ oxygen containing compounds, and wherein the oxygen 
containing compounds comprise phenols. 

511. The method of claim 491,wvherein the producecprfixnrre comprises condensable 
hydrocarbons, and wherein greater m^abqut^2d^o1 by ^ight of the condensable 
hydrocarbons are aromatic compounds. 



tssst 
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512. Tme method of claim 491, wherein the produced mixture comprises condensable 
hydrocarbons, and wherem less than abotft 5 % by weight of the condensable 
hydrocarbons c&mprises multi-ring apomatics with more than two rings. 

513. The method of claim 401 . wherein the produced mixture comprises condensable 
hydrocarbons, and wherein/less than about 0.3 % by weight of the condensable 
hydrocarbons are asphaWenes. 



20 



5 1 4, The methoa of claim 49 1 , wherein the produced mixture comprises condensable 
hydrocarbons, and wherein about 5 % by weight to about 30 % by weight of the 
condensableyhydrocarbons are cycloalkanes. 



25 



515. /The method of claim 491 , wherein the produced mixture comprises a non- 
condensable component, wherein the non-condensable component comprises hydrogen, 
wbferein the hydrogen is greater than about 10 % by volume of the non-condensable 
fomponent, and wherein the hydrogen is less than about 80 % by volume of the non- 
condensable component. 



516. The method of claim 491 , wherein the produced mixture comprises ammonia, and 
-wherein greater than about O.io Vo by weigt 
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5JJL — The me& ed-of claim 491, whe rein theproduced mixture compjtfses ammonia, and 
wherein the ammonia is used to produce fertilizer. 

518. The method of^taTm 4^1 , further comprising controLKhg a pressure within at least 
a majority of the selected section) of the formation, wherein the controlled pressure is at 
least about 2.0 bar absolute. 



519. The mfethod of claim 4&1, further comprising controlling formation conditions to 
produce a mixture of condensable hydrocarbons and H2, wherein a partial pressure of H 2 
within the mikture is greatei/than about y.5 bar. 



520. The method ofclaim 519, ymerein the partial pressure of H2 is measured when the 
mixture is at a production well. 

521 . The method of claim 491, further comprising altering a pressure within the 
formation to inhibit production of hydrocarbons from the formation having carbon 
numbers greater than/about 25. 

522. The method of claim 491, further comprising controlling formation conditions, 
wherein controlling formation conditions comprises recirculating a portion of hydrogen 
from the mixture into the formation. 

523. /The method of claim 491 , further comprising: 
providing hydrogen (H2) to the heated section to hydrogenate hydrocarbons 

wjfhin the section; and 

heating a portion of the section with heat from hydrogenation. 



524. The method of claim 491 , wherein the produced mixture comprises hydrogen and 
condensable hy drocarbons, the method fur ther rnmpricing hyHrpgenating a pnrtiojv-of the 
produced condensable hydrocarbons with at least a portion of the produced hydrogen. 
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